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This document has been prepared for public release. 



Under a (1968) contract with the San Mateo County (California) Superintendent of Schools, the 
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SUPPLEMENTARY REPORTS UNIT OF INSTRUCTION REPORTS 




Collectively, these reports provide a basic overview of information system tech 
no logy; individually, they focus on some of the specific aspects associated with the de- 
sign, development, implementation, and use of information systems. 
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EXECUTIVE THE STATE OF THE AUT 
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"AN ON-LINE REAL-TIME 
TIME SHARING 3rd GENERATION SYSTEM’ 
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what was good for sales combined to surround computers with an aura of magic. In the 
public mind, computers were almost human. In fact, there is a body of theory to the 
effect that an "intelligent” machine ^whatever that is — can be built. But even today, 
the theories and the practicalities are far, far apart. 
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those holes in those cards we are all familiar with. It is through this type of device 
that the computer is ultimately controlled by humans. Some output devices are 
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But while computers respond only to simple commands, their inherent 
potential lies in their ability to store and sequence through a set of such com- 
mands which, take*, together, do something more complex. For example, a 
sequence of elementary operations may be so arranged that the square root of 
a number supplied ac the start of the process emerges at the end. In the abstract. 
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Sc the in terms in an advertisement such as the one in the previous chart 
are reducible to fairly simple concepts by applying some definitions. 
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THIRD GENERATION - NO DEFINITION 



The American Standards Association supplies standards for many different types 
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systems is a user waiting at a terminal someplace. If he has requested a computation, there is 
no direct physical limit on the time during which the computation must be completed. Of 
course, there arc psychological limits, and there may be indirect limits, such as a report due. 
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PROGRAMMER TIES T q OTHER 

SYSTEMS 



’o recapitulate a bit: the opposite chart depicts the logical structuri 
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data, while the processing unit is the device that actually carries out the instructions 
and keeps everything going. ’Ties to other systems" are, in effect, input-output 
devices shared by two or more computers, permitting a sort of "cross-talk. " 
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A somewhat more concrete system diagram is provided in the opposite chait. Some 
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analog computers are sufficiently different both in princi- 



that they form a separate topic and we shall not discuss them further. In common use, 
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number so stored need not represent a quantity of something; it could simply be a 
code selecting one of a number of alternatives — a letter of the alphabet, for example, 
or a particular student in a given school. In fact, all information — the program 
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The above figure shows an actual computer system installation. The one shown happens 
to be an IBM 360/40. The operator normally sits in the foreground. Those lights on the 
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come faster and faster, and there is every reason to believe they will continue to do 
so, as is projected by the above figure of a. third of a billion operations per second 
by 1975. 
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In order to put this speed in some sort of perspective, we might compare it to human labor. 
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multiplication problem and announce M 500 trillion, fT even if he*s not sure wnat a trillion means. 
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We have seen that the processor speed is the basis of the computer’s power. But if we con- 
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quential order, never backing up nor jumping over a group of cards. Consequently, the term TT acces 
time" is not generally used with cards. And, because the reading of a card is largely a mechanical 
process, transfer rates are very slow: 1000 cards per minute, or approximately 16,000 bits per 
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; the current standard seems to be 8 bits 
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The opposite chart shows cost and capacity comparisons for some of the components already discussed, 
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Emphasis on hardware was necessary and helpful, but the law of diminishing returns soon set in. So, the 
focus of technological development shifted to the other component of computer systems: the software. 




CD 



CO 





46 




50 



SIMULTANEOUS USE OF A COMPUTER 
BY A NUMBER OF USERS 



One of the software problems easily identified was the loss of processor time whiL 
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with large quantities of data to keep the CPU busy. But this requires very careful, and i;i some ways 

unnatural, programming. The program must be constructed to anticipate and initiate data transfers well 
in advance of the point where the transfer must be effected in order for the programs to continue. As a 
rule it is easier to overlap one program's input-output with another, presumably unrelated, program's 
processing. 



Simultaneous use of the computer by several users is in itself attractive for several reasons. 
For one thing, no one program bears the responsibility for keeping all that expensive equip- 
ment busy. The system becomes idle only when no program is processing data, a circumstance 
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In any case , the job enters a queue of jobs waiting for batch service and is started 

in turn perhaps many hours after entry into the queue. These jobs form the 

’’background” in a background-foreground system, with on-line users forming the 
’’foreground. ” In effect, the background consists of users who always want service. 
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responses generated by the CPU may appear on his printer, his dis- 
play scope, or may be recorded on tape. The CPU itself is probably 
some distance away; the user has voice communication with the compu 
ter operator, however, if he needs its. 
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The software approach to information handling problems was limited by 
software costs ~-not only for the control program software but for the user 
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program to the binary level required by the machine, and because even the re- 
duced program, when running, will typically invoke a number of p re -written 
routines such as the square root program we mentioned. 
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At the next (third) level in the chart, the problem is coded in a language 
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MANAGEMENT POSITIONS 15,000 AND UP 
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COMPLETENESS & REGULARITY 
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complete and also because it is more regular, or unified, than separately 
developed tools. Fully integrated tools, which amount to "systems" or "en- 
vironments" for programming, may take hundreds of man-years to develop. 
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SIMULATE 
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specific qualities of the processor, core memory, or input-output de- 
vices that will be used by the generated machine language program. It 
is not always possible to avoid this kind of "machine dependence" when 
writing a higher-level program, nor is it always easy to adapt such a pro- 
gram for another machine by changing the dependencies. 
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tionships in the data itself. 




PROCESSING OF DATA 
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data is kept current and reports are timely. The possibility of specifying ex- 
tensive processing of the data should not be excluded. And the response time 
for an individual request should be minimum. 
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TECHNICAL FEATURE EVALUATION 
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not each system being evaluated has thal feature, or in what quantity. The other is to take a repi 
sentative or ’’benchmark" set of problems, and observe the performance of each system on these 
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features that make others unnecessary. 
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users’ stations such as we have seen. The idea is that the basic servicing of the users’ stations, 
the processing of routine requests, and the accessing of purely local data can be handled by the small 
computer on its own. More complex processing requests and accesses to central data files can be 
handled automatically by queries from the local computer to the central installation. 
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ASSIST TO PERSONNEL PREPARING DATA 
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insures quick turnaround for tasks not requiring the services of the central computer. 
In particular, it becomes feasible to monitor the preparation of data during the prepa- 
ration process itself, to provide general assistance to persons drawing up the data, 
and perhaps to catch errors before they snowball into major headaches. 
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Finally, there arc the differences from one piece of equipment to another in the way in which 
transmission is accomplished. Again, we could standardize on one type of equipment, but this is rarely 
an attractive method. Usually, this problem is approached by building hardware T, interfaces' T to smooth 
out the differences. 
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